Hemorrhage is one of the main causes responsible for the impairment of blood flow, with subsequent tissue hypoperfusion and hypoxia. As the circulating blood volume decreases, oxygen consumption (VO 2 ) remains constant for a considerable amount of blood loss. When the oxygen delivery (DO 2 ) drops below a critical level, i.e. 10 mL O 2 / min per kg, VO 2 falls abruptly. This signifies a blood volume loss of approximately 50%, associated with substantial reduction in cardiac output and mixed venous oxygen saturation [1] . At this stage of ischemia, deep tissue hypoxia leads the severely O 2 -deprived cell to prime for generation of ROS, upon O 2 re-entry during reperfusion [2] . Cellular priming consists of ATP depletion, since ATP degrades, reaching the level of hypoxanthine with concurrent xanthine oxidase accumulation. This situation is associated with either absolute O 2 restriction (no-flow state) or prolonged O 2 debt (low flow state) [3] . The profuse and sudden oxygen re-entry at resuscitation acts as a cofactor, allowing xanthine oxidase to convert hypoxanthine to uric acid. The resulting by-products are superoxide anions (O 2 -) and hydrogen peroxide (H 2 O 2 ), representing the main molecules of the initial oxidative burst [2] . The aforementioned reactive oxygen species, along with the free radicals generated by NADPH oxidase within the neutrophils, attack peroxidating cell membranes. Consequently, ischemia/ reperfusion injury occurs, the global equivalent of which is hemorrhagic shock and resuscitation.
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Recently, the importance of limited resuscitation [4] [5] [6] [7] has been widely acknowledged. Patients with penetrating truncal trauma, in which resuscitation was delayed, had a higher survival rate to discharge (70%) compared with promptly resuscitated patients (62%, P = 0.04) [4] . Likewise, a systemic review of animal studies [5] has also shown a lower risk of death in animals resuscitated to hypotensive levels than in animals resuscitated to normotensive levels (P \ 0.00001). The small volume resuscitation with fluids such as hypertonic saline [6] or albumin 25% [7] has similarly shown a higher survival rate compared with infusion of isotonic fluids.
The approach of attempting to lessen reperfusion injury by adjusting the inspired O 2 may apply either before [8] or during [9] [10] [11] [12] resuscitation. As far as the first case is concerned, the impact of inspired oxygen concentration on tissue oxygenation (tPO 2 ) in the absence of resuscitation was the subject of a study from Dyson et al. [8] , published in this issue of the journal. The latter case is represented by hypoxemic resuscitation [9] [10] [11] [12] ; a process in which hypoxemia is applied during the first few minutes of resuscitation and, as shock reverses, it gradually turns to normoxemia.
In the aforementioned study [8] , tissue oxygenation improves at mild (less than 20%) blood volume losses similarly to normovolemia, in response to higher inspired oxygen admixtures. Adversely, at significant (more than 50%) blood volume losses, higher inspired oxygen admixtures lead to precipitous reduction of tissue oxygenation, similar to that of animals breathing in-room air.
Interestingly, despite the paradox of low tPO 2 in the presence of hyperoxemia, two additional precipitating factors occurred in animals breathing high oxygen admixtures, compared to those breathing room-air: higher base deficit and increased arterial lactate levels. It was also shown that O 2 therapy during significant hemorrhage intensifies the physiological compensatory responses of vasoconstriction and of blood flow redistribution. Therefore, compared with room-air breathing, high flow, high concentration O 2 therapy deteriorates both hemodynamics and tissue/cellular hypoxia, in spite of the significantly higher arterial blood oxygenation. This study provides useful physiological insights, but its applicability in the clinical setting is questionable, given that it is hardly conceivable to manage the shocked victim without resuscitation while being under medical attention. Inherently, an even worse outcome was observed by inducing hypoxemia (breathing at FiO 2 = 0.15) without resuscitation; all parameters deteriorated and the animals had an earlier death. Apparently, hypoxemia combined with hypoperfusion accelerated the tPO 2 fall considerably. The excessive cellular hypoxia led to cellular priming and earlier energy exhaustion.
However, the aforementioned hypoxemia in progressive hemorrhage should not be confused with hypoxemic resuscitation from hemorrhagic shock. The reason is that when the latter is applied with effective reperfusion, it counteracts cellular priming, reducing oxidative response. It represents another approach to abolishing reperfusion injury by inspired O 2 manipulation, but combined with resuscitation in this case. It was tested in individual ischemic organs, such as brain [9] and intestine [10] , showing a reduction of oxidative aggression and histopathologic injury. Hypoxemic resuscitation was subsequently tested in hemorrhagic shock and was more effective in restoring the blood pressure and in attenuating the excessive oxidative and inflammatory responses elicited by normoxemic resuscitation [11] . In addition, it was shown that hypoxemic resuscitation was associated with less pulmonary endothelial dysfunction and lung injury than normoxemic resuscitation [12] .
During progressive hemorrhage, breathing at FiO 2 = 1.0 instead of FiO 2 = 0.21, turned out to be harmful, due to the particularly low tPO 2 , as reported [8] . Apparently, to address this paradox, direct molecules (reactive oxygen species) or indirect molecules (malondialdehyde) of oxidative response should have been measured and incorporated into the analysis of the results. Hyperlactatemia, for instance, may be attributed to oxidative hepatic injury, and not to increased hepatic metabolic demand for glutathione synthesis, or excessively low tPO 2 , as suggested by the authors, for the following reasons: (a) in the studies indicated above [9, 11] , since a lower MDA was noticed in the hypoxemically resuscitated animals, less membrane destruction was presumed, permitting a higher degree of mitochondrial integrity and hepatic function for lactate metabolism; (b) lactate did not reach higher levels when resuscitation from hemorrhagic shock was performed under hypoxemic, rather than under normoxemic conditions [9, 11] ; and (c) the hypoxemically resuscitated animals attained a higher proportion of reduced to total serum glutathione level, despite the deep hypoxemia (PaO 2 = 35 mmHg) during resuscitation [11] .
It seems therefore that high FiO 2 and hyperoxemia cannot compensate for the low cardiac output and absence of tissue perfusion. It should also be kept in mind that cardiac output and mixed venous oxygen tension is higher in isovolemic anemia than hypovolemia or hypoxemia [13] . Therefore, it would be interesting to resuscitate animals at different levels of blood volume loss and, by varying FiO 2 and measuring oxidative parameters, to determine if the management should mainly lay on O 2 therapy or on resuscitation efforts.
